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of which the following is a full, clear and exact description: 



TITLE 

A METHOD AND APPARATUS FOR IMAGE FORMING AND EFFECTIVELY 
PERFORMING SHEET FEEDING 

BACKGROUND 

1. Field of the Invention: 

This patent specification relates to a method and 
apparatus for image forming, and more particularly to a 
method and apparatus for image forming and effectively 
performing a sheet transfer. 

2. Description of Related Art: 

Conventionally, sheet feeders for separating stacked 
sheet materials one by one to feed them from the topmost one 
are classified into a corner tab separation type which 
presses both ends in the width direction on the leading edge 
of a sheet material in a feeding direction with tab members 
for separation; a separation pad type which urges a friction 
member to separate a sheet material; a bank separation type 
which runs sheet materials into a fixed gate member having a 
slope for separating the sheet materials one by one; and so 
on . 

Among these types of sheet feeders, the known 
separation pad type sheet feeder, or the bank separation 
type sheet feeder discussed, for example, in Laid-open 
Japanese Patent Application No. 8-91612 are preferred since 



they require a low number of parts, but can be applied to a 
variety of different sheet materials (for example, post 
cards, envelopes, OHP (over head projector) sheets and so 
on) of different sizes including thick and thin materials in 
5 the same configuration at a low cost. 

However, a conventional sheet feeder of the separation 
pad type generates noise due to friction slip, when a sheet 
material is being conveyed, sandwiched between a sheet feed 
roller and a friction member, particularly in a low cost, 

10 low speed machine operating 10 PPM (an image forming speed 
of 10 sheets per minute) or less. To prevent such noise, it 
is necessary to form the sheet feed roller in a semilunar 
shape. This leads to a requirement of a pair of cylindrical 
collars each having a diameter slightly smaller than that of 

15 the sheet feed roller additionally disposed coaxially with 

the sheet feed roller on both sides thereof for preventing a 
sheet stack stacking member from lifting up. Consequently, 
the number of parts is increased to result in a higher cost. 
Recently, as recycled paper is increasingly used, 

20 sheet materials such as post cards and envelopes often 
having burred leading edges in a conveying direction, 
possibly produced in a cutting operation, cause an extra 
conveying load, so that the separation pad type sheet feeder 
can fail to feed sheet materials, 

25 Further, back sides of once used sheet materials are 



also increasingly used, in which case stacked sheet 
materials differ in friction coefficient from one another so 
that two or more sheet materials may be fed at one time. A 
once used sheet material may be curled during fixation 
5 depending on a particular environment. Thus, a sheet 

material separator may be burdened with a greater load due 
to a curled leading edge of a sheet material depending on a 
direction in which the sheet material is curled, and may 
fail to separate the sheet materials for conveying them one 
10 by one. 

It should be noted that the separation pad type sheet 
feeder presses a plane portion of a pad onto a sheet feed 
roller, so that the angle of a separation pad to a direction 
in which a sheet material fed from a stack is conveyed 

15 (corresponding to a displacement angle of a sheet material 
stacking member such as a bottom board) must be limited 
within a predetermined range. To conform to this limitation, 
the sheet feed roller is also limited in diameter, and the 
degree of freedom in layout is also restricted, thereby 

2 0 giving rise to a problem that the sheet feeder cannot be 
reduced in size. 

On the other hand, the bank separation type sheet 
feeder discussed in Laid-open Japanese Patent Application No. 
8-91612 includes a tilt member in contact with a sheet feed 

25 roller, which has a flat upper edge and a wide nip region 



with the sheet feed roller, so that variations in the member 
or the like can make it difficult to arrange the tilt face 
at a predetermined tilt angle. 

When the topmost sheet material is being conveyed in 
5 an image forming unit, the sheet feed roller generally is 
not driven by the mechanism that rotates it to feed a sheet 
from the stack. However, while a previous sheet material is 
nipped between the sheet feed roller and a gate member, the 
sheet feed roller is rotated due to the friction force with 

10 the sheet material, and as the trailing edge of the previous 
sheet material passes the nip region, the leading edge of 
the next sheet material is sent to the tilt member by the 
associated rotation of the sheet feed roller. 

In this event, if a friction coefficient between sheet 

15 materials is high or varies greatly, and the friction 

coefficient between the previous sheet material and the next 
sheet material is lower than the friction coefficient 
between the next sheet material and the sheet material 
subsequent to the next sheet material, the next sheet 

20 material can go beyond the tilt member to result in multiple 
sheet feeding. 

Generally, in a sheet feeder which removably supports, 
through an opening of the feeder body, a cassette having a 
sheet material stacking member which has one end supported 

25 for pivotal movement and a free end urged upward, a tilt 



member and a sheet material separator in pressing contact 
with a sheet feed roller are positioned deep in the feeder 
body. Therefore, if a user attempts to draw out the cassette 
which contains few sheet materials, the sheet material 
5 stacking member may be caught in the feeder body, to keep 
the user from drawing out the cassette. 

To overcome such a problem, as illustrated in Fig. 54, 
a conventionally known sheet feeder has a pair of protruding 
arms Ic {only one of which is shown in Fig. 54) integrally 

10 arranged on both sides of a bottom board 1, which is a sheet 
material stacking member having one end supported by a shaft 
la for pivotal movement within a cassette 11 and a free end 
urged upward at all times by a compression spring 3, and 
guide rails 10c formed on a feeder body 10 corresponding to 

15 the arms Ic, such that as the cassette 11 is drawn in a 
direction indicated by an arrow Y, the arms Ic come in 
contact with the guide rails 10c and lower the bottom board 
1 against an urging force of the compression spring 3 as 
illustrated in Fig. 55, and the bottom board 1 is held at 

20 the lowered position by a known stopper means when the 
cassette 11 is drawn out. 

However, although such a sheet feeder can prevent the 
bottom board 1 from being caught when the cassette 11 is 
drawn out, the tilt member is pressed onto the sheet feed 

25 roller 4 by the compression spring 5 after a sheet material 



has been fed before the cassette 11 is drawn out, so that 
the leading edge of the next sheet material 2n may remain 
nipped by the sheet feed roller 4 after the previous sheet 
has been fed (see Fig. 55) . 
5 If the cassette 11 is drawn out to supply sheet 

materials and again set in the sheet feeder, a remaining 
sheet material 2n within the feeder body 10 is crushed by 
the set cassette 11 to block the separator comprised of the 
tilt member 6, resulting in an inability of the sheet feeder 

10 to feed sheet materials. 

To solve this problem, a conventional sheet feeder 
includes means associated with a movement of a drawn 
cassette to release the pressure of the tilt member. Another 
conventional sheet feeder provides a cassette with a 

15 separate arm for raking out the leading edge of a nipped 

sheet material. A further conventional sheet feeder senses a 
movement of a drawn cassette to rotate the sheet feed roller 
in a direction reverse to a sheet feeding direction to 
remove the leading edge of a sheet material from a nip 

20 region. 

Among these conventional techniques, the first and 
third sheet feeders require an increased number of parts and 
increased steps for assembly to introduce a lower production 
efficiency. The second sheet feeder, on the other hand, can 
25 cause sheet material to tear and remain near the nip region. 



depending on the material, since the arm attempts to rake 
out the sheet material, as it is, nipped by a pressure 
applied by the tilt member and a pressure applied by the 
leading edge of the bottom board. 
5 Furthermore, a sheet feeder which has an inclined 

bottom board for stacking sheet materials, positioned on the 
back surface or the like of an image forming apparatus, may 
cause skewing of sheet material that has one side fixed by a 
sheet material convey guide for structural reasons. A 

10 solution for this problem has been desired. 

An image forming apparatus, simple in configuration, 
generally relies on a common motor for driving a sheet 
feeder and for driving an image forming section, so that a 
reduction in a load on the driving motor has been desired, 

15 In addition, if a large number of sheet materials, the 

leading edges of which are uneven, are set in this type of 
sheet feeder, a conveyed sheet could be caught by the sheet 
feed roller and its leading edge damaged thereby. If the 
user is not aware of such a caught sheet and leaves it there, 

20 a paper jam is likely to occur when a sheet material is fed. 



SUMMARY 

This patent specification describes a novel sheet 
25 feeder that separates sheet materials stacked on a pivotable 



sheet material stacking member one by one from the topmost 
sheet material so as to feed each of the sheet materials. In 
one example, a novel sheet feeder includes a sheet feed 
roller and a tilt member. The sheet feed roller is 
5 configured to come in pressing contact with the topmost 

sheet material for feeding the sheet material to a separator. 
The tilt member is configured to come in pressing contact 
with the sheet feed roller and includes a tilt face. In this 
configuration, the sheet feed roller has a front end running 

10 against the tilt face and a contact face in contact with the 
sheet feed roller, in the shape of an edge along an axial 
direction of the sheet feed roller. 

In the foregoing sheet feeder, the tilt member may be 
in pressing contact with the sheet feed roller for pivotal 

15 movement with respect to the sheet feed roller, and may 

include translating means for advancing and retracting the 
tilt member in parallel to the sheet feed roller. The 
translating means is preferably comprised of a rib formed on 
one of the tilt member or a feeder body, and a guide rail 

20 formed on the other. 

In the sheet feeder described above, the tilt member 
preferably has a contact face, the length of which is 
smaller than an axial length of the sheet feed roller, and 
more preferably is formed of a synthetic resin and includes 

25 a metal plate for covering at least the contact face with 



the sheet feed roller. The metal plate is preferably elastic. 
The elastic metal plate may be mounted from the tilt face so 
as to surround the tilt member on both upper and lower sides. 
The distance in a sheet material convey direction 
5 between a location of the sheet feed roller at which the 
tilt member is in pressing contact with the sheet feed 
roller and a location of the sheet feed roller at which a 
sheet stacked on the sheet material stacking member comes in 
contact with the sheet feed roller preferably is in a range 

10 of 2 mm to 6 mm, and the angle of the tilt face of the tilt 
member to the sheet material convey direction preferably is 
set in a range of 50° to 70°. 

The sheet feeder may further include a thin elastic 
member disposed at a location downstream of a contact area 

15 of the sheet feed roller with the tilt member such that the 
thin elastic member crosses a tangential direction of the 
contact area. The thin elastic member may include two 
members disposed on both sides of the sheet feed roller, or 
may be disposed substantially at the center of the sheet 

20 feed roller. 

The sheet feeder may further include a thin elastic 
member crossing the tangential direction of the contact area 
at a location downstream of the contact area of the sheet 
feed roller with the tilt member, wherein the thin elastic 

25 member includes a bent in the shape of hook bent toward the 



sheet feed roller at a rear end. The thin elastic member may 
include two members disposed on both sides of the sheet feed 
roller, or may be disposed substantially at the center of 
the sheet feed roller. The thin elastic member is disposed 
5 to cross the tangential direction at an angle ranging from 
20° to 60°. 

The sheet feeder may further include a friction member 
which crosses a tangential direction of a contact area of 
the sheet feed roller in contact with the tilt member at a 

10 location downstream of the contact area. The friction member 
may include two members disposed on both sides of the sheet 
feed roller, or may be disposed substantially at the center 
of the sheet feed roller. 

The sheet feeder may further include a pressure lever 

15 having a free end configured to come in contact with and 

move away from the sheet material stacking member, a sensing 
lever mounted coaxially with the pressure lever for pivotal 
movement associated with insertion/removal of a cassette 
having the sheet stacking member, and an elastic member 

20 disposed between the sensing lever and the pressure lever. 
The pressure lever may be pivotally moved in 
association with the sensing lever when an angle of the 
pressure lever to the sensing lever is greater than a 
predetermined angle. In addition, the sensing lever may 

25 include a pair of arms at a free end thereof, wherein the 



arms extend from both sides of the tilt member, and the 
sensing lever pivotally moves to cause the arms to pass both 
sides of the contact area of the tilt member. 

The sensing lever preferably includes spring pressure 
5 changing means for adjusting an urging force of a 

compression spring for pressing the tilt member onto the 
sheet feed roller. 

The sheet feeder may further include a spring bearer 
disposed slidably in an axial direction of the compression 

10 spring on the opposite side of the compression spring with 
respect to the tilt member, wherein the spring pressure 
changing means engages with and disengages from the spring 
bearer associated with pivotal movement of the sensing lever, 
and the spring pressure changing means drives the spring 

15 bearer toward the tilt member when the spring pressure 
changing means engages with the spring bearer. 

The sheet feeder may further include first cams 
disposed coaxially with the sheet feed roller for separating 
the sheet material stacking member from the sheet feed 

20 roller when the first cams come in contact with both side 

ends of a front face of the sheet material stacking member. 
The sheet material stacking member may include pressor ribs 
on both side ends at the front face thereof, such that the 
first cams come in contact with the pressor ribs. 

25 The sheet feeder may further include second cams 



disposed coaxial with the sheet feed roller for separating 
the tilt member from the sheet feed roller when the second 
cams come in contact with both side ends of the tilt member. 
The tilt member may include ribs at both side ends, such 
5 that the second cams come in contact with the ribs. 

The sheet feeder may further include a tilt member 
holder plate between the second cams and the tilt member. 
The tilt member holder plate has an opening formed for 
avoiding a site at which the sheet feed roller comes in 

10 contact with the tilt member, and a leading end spaced apart 
from the sheet material stacking member. 

The present patent specification further discloses a 
novel image forming apparatus. In one example, a novel image 
forming apparatus includes a sheet feeder and an image 

15 forming mechanism. The sheet feeder separates sheet 

materials stacked on a pivotable sheet material stacking 
member one by one from the topmost sheet material so as to 
feed each of the sheet materials. The sheet feeder includes 
a sheet feed roller and a tilt member. The sheet feed roller 

20 is configured to come in pressing contact with the topmost 

sheet material for feeding the sheet material to a separator. 
The tilt member is configured to come in press contact with 
the sheet feed roller and includes a tilt face. The sheet 
feed roller has a front end running against the tilt face. 

25 The tilt member has a contact face in contact with the sheet 



feed roller in the shape of an edge along an axial direction 
of the sheet feed roll-er. The image forming mechanism is 
configured to form an image on a sheet material fed out from 
the sheet feeder. 
5 The present patent specification further discloses a 

novel method of sheet feeding. In one example, a novel 
method of sheet feeding includes the steps of causing and 
making. The causing step causes a sheet feed roller to come 
in pressing contact with the topmost sheet material stacked 

10 on a pivotable sheet material stacking member so as to feed 
the sheet material to a separator. The making step makes a 
tilt member come in pressing contact with the sheet feed 
roller. The tilt member includes a tilt face. The sheet 
feed roller has a front end running against the tilt face. 

15 The tilt member has a contact face in contact with the sheet 
feed roller in the shape of an edge along an axial direction 
of the sheet feed roller. 

The present patent specification further discloses a 
novel method of image forming. In one example, a novel 

20 method of image forming includes the steps of causing, 

making, and forming. The causing step causes a sheet feed 
roller to come in pressing contact with the topmost sheet 
material stacked on a pivotable sheet material stacking 
member so as to feed the sheet material to a separator. The 

25 making step makes a tilt member come in pressing contact 



with the sheet feed roller. The tilt member includes a tilt 
face. The sheet feed roller has a front end running against 
the tilt face. The tilt member has a contact face in contact 
with the sheet feed roller in the shape of an edge along an 
5 axial direction of the sheet feed roller. The forming step 
forms an image on the sheet material fed out from the sheet 
feeder. 



BRIEF DESCRIPTION OF THE DRAWINGS 
10 A more complete appreciation of the disclosure and many 

of the attendant advantages thereof will be readily obtained 
as the same becomes better understood by reference to the 
following detailed description when considered in connection 
with the accompanying drawings, wherein: 
15 Fig. 1 is a vertical sectional view illustrating a 

first embodiment; 

Fig. 2 is an exploded perspective view illustrating a 
configuration of the first embodiment; 

Fig. 3 is an explanatory diagram illustrating a 
20 portion of Fig. 1 in an enlarged view; 

Fig. 4 is an explanatory diagram showing a 
relationship among forces applied to the topmost sheet in 
the first embodiment; 

Fig. 5 is an explanatory diagram showing a 
25 relationship among forces applied to the next sheet in the 



first embodiment; 

Fig. 6 is an explanatory diagram showing how a tilt 
member it worn; 

Fig. 7 is an explanatory diagram showing a 
5 relationship between a sheet feed roller and the tilt member 
in the first embodiment; 

Fig. 8 is an exploded perspective view showing a 
relationship in length between the sheet feed roller and the 
tilt member; 

10 Fig. 9 is a vertical sectional view of components 

shown in Fig. 8; 

Fig. 10 is an exploded perspective view illustrating a 
main portion of a sheet feeder according to a second 
embodiment ; 

15 Fig. 11 is an exploded perspective view illustrating a 

main portion of a sheet feeder according to a third 
embodiment ; 

Fig. 12 is a cross-sectional view illustrating how an 
elastic metal plate is mounted to a tilt member in the third 
20 embodiment; 

Fig. 13 is a vertical sectional view illustrating a 
main portion of a sheet feeder according to a fourth 
embodiment; 

Fig. 14 is a vertical sectional view illustrating a 
25 main portion of a sheet feeder according to a fifth 



embodiments- 
Fig. 15 is an exploded perspective view of the portion 

illustrated in Fig. 14; 

Fig. 16 is a vertical sectional view illustrating a 
5 main portion of a sheet feeder according to a sixth 

embodiment of the present invention; 

Fig. 17 is an exploded perspective view of the portion 

illustrated in Fig. 16; 

Fig. 18 is a vertical sectional view illustrating a 
10 main portion of a sheet feeder according to a seventh 

embodiment ; 

Fig. 19 is an exploded perspective view of the portion 
illustrated in Fig. 18; 

Fig. 20 is an exploded perspective view illustrating a 
15 main portion of a sheet feeder according to an eighth 
embodiment ; 

Fig. 21 is a vertical sectional view illustrating a 
main portion of a sheet feeder according to a ninth 
embodiment ; 

20 Fig. 22 is an exploded perspective view of the portion 

illustrated in Fig. 21; 

Fig. 23 is an exploded perspective view illustrating a 
main portion of a sheet feeder according to a tenth 
embodiment ; 

25 Fig. 24 is an explanatory diagram illustrating a first 



operation state when a cassette is inserted into a feeder 
body in an eleventh embodiment; 

Fig. 25 is an explanatory diagram illustrating a 
second operation state in the insertion of the cassette into 
5 the feeder body in the eleventh embodiment; 

Fig. 26 is an explanatory diagram illustrating the 
cassette fully inserted in the feeder body in the eleventh 
embodiment ; 

Fig. 27 is an explanatory diagram illustrating a first 
10 operation state when a cassette is removed from the feeder 
body in the eleventh embodiment; 

Fig. 28 is an explanatory diagram illustrating a 
second operation state in the removal of the cassette from 
the feeder body the eleventh embodiment; 
15 Fig. 29 is an exploded perspective view showing a 

relationship between a sensing lever and a pressure lever in 
the eleventh embodiment; 

Fig. 30 is an explanatory diagram illustrating a first 
operation state when a cassette is inserted into the feeder 
20 body in a twelfth embodiment; 

Fig. 31 is an explanatory diagram illustrating a 
second operation state in the insertion of the cassette into 
the feeder body in the twelfth embodiment; 

Fig. 32 is an explanatory diagram illustrating the 
25 cassette fully inserted in the feeder body in the twelfth 



embodiment ; 

Fig. 33 is an explanatory diagram illustrating a first 
operation state when a cassette is removing from the feeder 
body in the twelfth embodiment; 
5 Fig. 34 is an explanatory diagram illustrating a 

second operation state in the removal of the cassette from 
the feeder body in the twelfth embodiment; 

Fig. 35 is an explanatory diagram illustrating a third 
operation state in the removal of the cassette from the 
10 feeder body in the twelfth embodiment; 

Fig. 36 is an exploded perspective view showing a 
relationship between a sensing lever and a pressure lever in 
the twelfth embodiment; 

Fig. 37 is a vertical sectional view illustrating a 
15 main portion of a sheet feeder according to a thirteenth 
embodiment ; 

Fig. 38 is a perspective view of the portion 
illustrated in Fig. 37; 

Fig. 39 is a perspective view illustrating a tilt 
20 member appearing in Fig. 38; 

Figs. 40 through 44 are explanatory diagrams 
illustrating a sequence of operation states in the 
thirteenth embodiment; 

Fig. 45 is an explanatory diagram illustrating a sheet 
25 feed waiting state in the thirteenth embodiment; 



Fig. 46 is a perspective view illustrating a tilt 
member holder plate in a fourteenth embodiment; 

Figs. 47 through 51 are explanatory diagrams 
illustrating a sequence of operation states in the 
5 fourteenth embodiment; 

Fig. 52 is an explanatory diagram illustrating a sheet 
feed waiting state in the fourteenth embodiment; 

Fig. 53 is a lateral view illustrating a configuration 
of an exemplary image forming apparatus equipped with the 
10 sheet feeder; 

Fig. 54 is a vertical sectional view illustrating an 
example of conventional sheet feeder; and 

Fig. 55 is an explanatory diagram illustrating how a 
cassette is drawn from a feeder body. 

15 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
In describing preferred embodiments illustrated in the 
drawings, specific terminology is employed for the sake of 
clarity. However, the present invention is not intended to 
20 be limited to the specific terminology so selected and it is 
to be understood that each specific element includes all 
technical equivalents which operate in a similar manner. 

Referring now to the drawings, wherein like reference 
numerals designate identical or corresponding parts 
25 throughout the several views, and more particularly to 



Figures 1-3 thereof, a sheet feeder is explained. Fig. 1 
is a vertical sectional view illustrating a sheet feeder 
according to a first embodiment. Fig. 2 is an exploded 
perspective view illustrating a general configuration of the 
5 sheet feeder, and Fig. 3 is an explanatory diagram 
illustrating a portion of Fig. 1 in enlarged view. 

To begin with, a general configuration of the sheet 
feeder will be described with reference to Figs. 1 and 2. A 
feeder body 10 in the shape of a shallow housing having low 

10 walls around four sides supports a cassette 11 removably 
mounted therein through an opening 10b on a side surface. 
The cassette 11 contains a bottom board 1, which is a sheet 
material stacking member that can carry a plurality of sheet 
materials 2 illustrated in Fig. 1. Board 1 has one edge 

15 pivotally supported by a shaft or pivot, and a free edge 

urged at all times upward in Fig. 1 by a compression spring 
3 arranged between the bottom board 1 and the cassette 11. 

The feeder body 10 comprises a sheet feed roller 4 
that can come in pressing contact with the leading edge of 

20 the topmost sheet material 2a of the sheet materials 2 

stacked on the bottom board 1, with an urging force provided 
by the compression spring 3 in the counter-clockwise 
direction in Fig. 1. A contact face 6b of a tilt member 6 
having a tilt face 6a is pressed against the sheet feed 

25 roller 4 with an urging force provided by the compression 



spring 5. These components comprise a separator for the 
sheet materials. 

As illustrated in Fig. 2, the tilt member 6 has a pair 
of ribs 6d protruding from the left and right side faces 
5 thereof, which are slidably guided by guide rails 8 on the 
feeder body 10 so that they are movable in a direction 
parallel to a direction in which they come in contact with 
the sheet feed roller 4. At a location downstream of the 
tilt member 6, a pair of convey rollers 7 (one of which is 
10 illustrated in Fig. 2) are rotatably supported for conveying 
a sheet material 2 fed out by the sheet feed roller 4 toward 
an image forming section of an image forming apparatus (not 
shown) . 

Alternatively, the translating means for the tilt 
15 member 6 may be comprised of guide rails on the tilt member 
6 and ribs on the feeder body 10. 

Now, referring to Fig. 3, detailed description will be 
made on a relationship among the sheet materials 2 stacked 
on the bottom board 1, sheet feed roller 4, and tilt member 
20 6. A tilt face 6a of the tilt member 6 is defined to form a 
predetermined angle 9 to a direction in which the sheet feed 
roller 4 feeds out the topmost sheet material 2a of the 
plurality of sheet material 2 stacked on the bottom board 1. 
The contact face 6b continuous to the tilt face 6a, in 
25 contact with the sheet feed roller 4, is formed in the shape 



of an edge extending along the axial direction of the sheet 
feed roller 4. The edge has an extremely small width. The 
edge may be continuous or divided into a plurality of parts. 
Then, the distance between a contact site A on the 
5 topmost sheet material 2a on the bottom board 1 and a site B 
at which the contact face 6a comes in pressing contact with 
the sheet feed roller 4 is made as short as possible along 
the direction in which the sheet material is fed out. As a 
sheet feed start signal is generated from a controller, not 
10 shown, the sheet feed roller 4 can be kept rotated until the 
topmost sheet material 2a has been fed out. 

By reducing the distance between the sites A, B in 
this way, various sheet materials that can differ in bending 
modules, have a reduced curved range at the leading edge 
15 thereof, with the result that their bending moduli are close 
to each other, thereby making it possible to suppress 
variations in a component of force generated by the tilt 
face 6a of the tilt member 6, and to separate sheet 
materials such as thin sheets of paper having small bending 
20 moduli, as well as thick sheets of paper, post cards, 

envelops and so on having large moduli. Consequently, a 
variety of different sheet materials can be available. 

Next, the action of the sheet feeder according to the 
first embodiment will be described with reference to Figs. 4 
25 through 7 as appropriate. 



Fig. 4 shows a relationship between forces applied to 
the topmost sheet material 2a. As a force is applied by the 
sheet feed roller 4 to the plurality of stacked sheet 
materials 2a toward a separator, the leading edge of the 
5 topmost sheet material 2a applies a force F on the tilt face 
6a of the tilt member 6. The tilt face 6a is set to be at an 
angle 0 to a direction S in which the topmost sheet material 
2a is fed out. A component of force Fl is generated in a 
direction perpendicular to the tilt face 6a, while a 

10 component of force F2 in a direction along the tilt face 6a. 

A separating pressure Q of a compression spring 5 for 
pressing the tilt member 6 onto the sheet feed roller 4 is 
set at a predetermined angle a to the direction in which the 
sheet material 2 is fed out. The separating pressure Q is 

15 set smaller than the component Fla of the component of force 
Fl, so that the topmost sheet material 2a goes beyond the 
tilt face 6a of the tilt member 6 and is fed toward the 
convey roller pair 7 illustrated in Fig. 7. 

Fig. 5 shows a relationship between forces applied to 

20 the next sheet material 2b, wherein the next sheet material 
2b is applied with a force Fp by a friction load between 
this sheet material 2b and a subsequent sheet material 2c. 
The force Fp generates a component of force Fpl in the 
direction perpendicular to the tilt face 6a of the tilt 
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member 6, and a component of force Fp2 along the tilt face 
6a. However, since a friction coefficient between the sheet 
materials is generally approximately one half of a friction 
coefficient between the sheet feed roller and the sheet 
5 material, the force Fp is also approximately one half of the 
force F shown in Fig. 4, so that the sheet 2b is not applied 
with a sufficient force that causes the sheet 2b to go 
beyond the tilt face 6a, and therefore is blocked by the 
tilt member 6 and separated from the topmost sheet 2a. 

10 Even if the contact face 6b of the tilt member 6 with 

the sheet feed roller 4 is worn by abrasion with sheet 
materials into a worn contact face 6b' indicated by a broken 
line in Fig. 6, the tilt member 6 only moves in parallel in 
the direction of the separating force of the compression 

15 spring 5, so that the separating condition can be maintained 
without causing a change in the predetermined tilt angle 9 
(Fig. 3), 

By reducing the contact face 6b of the tilt member 6 
in contact with the sheet feed roller 4, the width by which 

20 the topmost sheet material 2a is nipped is reduced from a 

conventional nipped width D to a nipped width C. Since this 
reduction in the nipped width results in a smaller force 
which is applied by the trailing edge of the topmost sheet 
material 2a to the next sheet material 2b to feed out the 

25 same, it is possible to prevent multiple sheet materials 2 



from being fed simultaneously. 

In the sheet feeder configured as described above, 
since the tilt member 6 has a complicated shape, it is 
preferable that the tilt member 6 is integrally molded of a 
5 synthetic resin. In this event, as illustrated in Figs. 8 
and 9, if the length A of the contact face 6b of the tilt 
member 6 is larger than the length B of the sheet feed 
roller 4 in the axial direction, only a central portion of 
the contact face 6b, pressed by the sheet feed roller 4 

10 through the sheet material, is worn and eventually recessed. 
This is because the central portion of the contact face 6b 
is in sliding contact with the sheet material, and applied 
with a separating force when the sheet material is conveyed. 
Such deformation of the tilt member 6 can cause a 

15 sheet material to be fed along the deformed contact face 6b 
when introduced between the sheet feed roller 4 and the tilt 
member 6. This would result in an extremely large load 
caused by the conveyed sheet material, and inability to 
curve a more rigid sheet material, thereby leading to a 

20 failure in feeding the sheet material. 

Fig. 10 is an exploded perspective view illustrating a 
main portion of a sheet feeder according to a second 
embodiment which solves the foregoing problem. 

In second embodiment, the length of the contact face 

25 6b of the tilt member 6 is made smaller than the length of 



the sheet feed roller 4 in the axial direction, so that the 
entire length of the contact face 6b can come in contact 
with the sheet feed roller 4 at all times. The rest of the 
configuration is similar to the aforementioned first 
5 embodiment. 

According to this configuration, since the contact 
face 6b of the tilt member 6 is pressed onto the sheet feed 
roller 4 through a sheet material over its entire length, 
the contact face 6b is free from the formation of a partial 

10 recess, so that the contact face 6b will be linearly 

uniformly worn. Then, since the tilt member 6 translates 
toward the sheet feed roller 4, the tilt face 6a of the tilt 
member 6 can hold a predetermined angle to the direction in 
which sheet materials are fed even if the contact face 6b is 

15 worn. 

Fig. 11 is an exploded perspective view illustrating a 
main portion of a sheet feeder according to a third 
embodiment which also solves the aforementioned problem, and 
Fig. 12 is an enlarged vertical sectional view of the 

20 portion illustrated in Fig. 11. 

In the third embodiment, a thin elastic metal plate 9 
is inserted from the tilt face 6a of the tilt member 6. The 
elastic metal plate 9 is formed, by bending, with a tilt 
face 9a engaged with the tilt face 6a of the tilt member 6, 

25 and a contact face 9b engaged with the contact face 6b, 



respectively. The elastic metal plate 9 is extended from a 
state indicated by a virtual line in Fig. 12 against its 
elastic force, then contracted, and fixed. 

In the third embodiment, since the tilt face 6a and 
5 contact face 6b of the tilt member 6 are covered with the 
elastic metal plate 9 which is in close contact thereto, it 
is possible to largely reduce abrasion of the tilt member 6 
due to a friction with sheet material while holding the 
predetermined angle 0 between the sheet material convey 

10 direction and the tilt face 6a. It should be noted that 

while in the foregoing embodiment the elastic metal pate 9 
covers the tilt face 6a as well, for convenience in assembly, 
this is not essential. 

Also, in the third embodiment, since the tilt member 6 

15 is protected from abrasion, the length of the contact face 

6b can be freely set irrespective of the length of the sheet 
feed roller 4 in the axial direction. 

From the results of repetitive experiments with 
particular implementations, it has been found that in the 

20 foregoing embodiments, conditions for satisfactorily 

separating the sheet materials 2 include the distance X in 
the sheet material conveying direction between a press 
contact site A of the sheet material and a press contact 
site B of the tilt member 6, which should preferably be set 



in a range of 2 to 6 mm, and the angle 6 of the tilt face 6a 
of the tilt member 6 to the sheet material feeding direction 
S, which should preferably be set in a range of 50 ° to 70°. 
In this way, it has been confirmed that the sheet materials 
5 are satisfactorily separated at all times as long 'as the 
sheet feed roller 4 has a normally used diameter, for 
example, in a range of 16 to 36 mm. 

Further, in the foregoing embodiments, the metal plate 
for covering the contact face 6b of the tilt member 6 is not 
10 limited to an elastic metal plate, but may be an inelastic 
metal plate, in which case a metal plate 9' (see Fig. 13) 
which has a portion for covering the contact face 6b may be 
removably fixed by screwing from the lower face of the tilt 
member 6. 

15 As described above, since abrasion is virtually 

negligible between the sheet feed roller 4 and the tilt 
member 6 having the contact face 6b covered with the elastic 
metal plate 9 or the metal plate 9', the tilt member 6 need 
not translate. Alternatively, as illustrated in a fourth 

2 0 embodiment in Fig. 13, the tilt member 6 may be pivoted by 
shafts 6e and shaft holes 10a of the feeder body 10. A 
separating compression spring for urging the tilt member 6 
with a suitable force toward the sheet feed roller 4 may be 
a torsion spring 15. 
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The third and fourth embodiments illustrated in Figs. 
11 through 13 have a metal plate for covering the tilt 
member made of a synthetic resin which is relatively 
susceptible to abrasion, but the tilt member itself may be 
formed of a hard synthetic resin reinforced, for example, by 
carbon fiber or glass fiber, with the contact face plated 
with a thick metal. 

In the foregoing first through fourth embodiments, the 
tilt member is specified in shape and structure to prevent 
multiple sheet feeding and failure in feeding a sheet 
material. If two sheet materials go beyond the contact 
between the sheet feed roller and the tilt member, no 
loading member is provided downstream for stopping the 
second sheet material, so that the two sheets are likely to 
be fed into the image forming section. 

Fig. 14 is a vertical sectional view illustrating a 
main portion of a sheet feeder according to a fifth 
embodiment which solves the foregoing problem, and Fig. 15 
is an exploded perspective view of the portion illustrated 
in Fig. 14. It should be noted that in the subsequent 
embodiments, though not expressly illustrated for 
simplifying the illustration of the structure, the tilt 
member 6 is covered with the elastic metal plate 9 or the 
metal plate 9', or the tilt member 6 itself is made of an 
abrasion resisting material, and the tilt member 6 is 



pivotally supported by the shafts 6e . However, it goes 
without saying that the tilt member 6 may be structured to 
translate . 

Referring specifically to Figs. 14 and 15, the tilt 
5 member 6 is pivotally supported by a pair of shafts 6e and 
shaft holes 10a of the feeder body 10 (only one each is 
shown in Figs. 14, 15), and the shafts 6e are positioned on 
a tangential line E of the sheet feed roller 4 on the 
contact face 6b. Also, a pair of thin elastic members 

10 (hereinafter called the "mylar") 12 have their bases secured 
on the inner face of a back wall of the feeder body 10, and 
their leading ends crossed with the tangential line E of the 
sheet fed roller 4. While the thin elastic members are 
preferably formed of a synthetic resin, they may be formed 

15 of metal plates. 

With the foregoing structure, when two sheet materials 
are conveyed beyond the contact face 6b of the tilt member 6, 
the second sheet material is blocked at two locations at 
which the leading ends of the mylars 12 are positioned, by a 

20 load of the second sheet material applied to the leading 
ends of the mylars to press and bow the same, so that the 
first sheet material alone is fed, thereby preventing 
multiple sheet feeding. 

In the foregoing embodiment, the second sheet material 

25 is blocked by the load of the second sheet material applied 



to the leading ends of the mylars 12 to bow the same against 
their elasticity, so that the load for pressing the leading 
ends of the mylars 12 to bow the mylars 12 is doubled to 
ensure the multiple sheet feed preventing effect. If the 
5 pair of mylars 12 are positioned one after the other, or 

have different elasticities, the second sheet material will 
be awaiting in a skew state. At the time the next sheet 
material is fed, the skew second sheet material could be 
conveyed as it is. Fig. 16 is a vertical sectional view 

10 illustrating a main portion of a sheet feeder according to a 
sixth embodiment which takes into account this aspect, and 
Fig. 17 is an exploded perspective view of the portion 
illustrated in Fig. 16. 

Specifically, the mylars 12 have their bases secured 

15 at substantially the center on the inner wall of the back 
face of the feeder body 10 in the axial direction of the 
sheet feed roller 4, and their leading ends projecting 
upward through opening 6f formed through the tilt member 6 
substantially at the center thereof. The leading ends of the 

20 mylars 12 are crossed with the tangential line E. Due to the 
provision of the opening 6f, torsion springs 15 on the 
shafts 6e are used in place of coil springs as separating 
compression springs for bringing the leading end of the tilt 
member 6 in pressing contact with the sheet feed roller 4. 

25 With the foregoing structure, even if two sheet 



materials pass between the sheet feed roller 4 and the 
contact face 6b of the tilt member 6, the two sheet 
materials come in contact with the mylars 12 and are blocked 
thereby, so that they are prevented from being fed 
5 simultaneously. In this event, since the mylars 12 block the 
leading edge of the second sheet material substantially at 
the center thereof, the second sheet material can be 
substantially prevented from skewing. 

Next, Figs. 18 and 19 illustrate a seventh embodiment 

10 which modifies the shape of a pair of mylars disposed 

downstream of the contact face 6b of the tilt member 6. In 
the seventh embodiment, a pair of mylars 13, having their 
bases secured on the inner face of the back wall of the 
feeder body 10, each include a bent at an obtuse angle in a 

15 middle portion, and a bent at an almost right angle in the 
leading end toward the sheet feed roller 4 to form a first 
bent piece 13a and a second small bent piece 13b. The first 
bent pieces 13a are crossed with the tangential line E at an 
angle a and placed on both sides of the sheet feed roller 4. 

20 The result of an experiment has revealed that the preferred 
proper angle a is in a range of 20° to 60° with respect to 
the tangential line E, depending on the flexural rigidity of 
the mylars 13. The remaining structure is similar to that in 
Figs. 14 and 15. 



32 



with the foregoing structure, when two sheet materials 
pass between the sheet feed roller 4 and the tilt member 6, 
their leading edges come against the second bent pieces 13b 
of the mylars 13 to generate a convey load which separates 
5 the two sheet materials. 

In this event, with thin sheet materials, the topmost 
or first sheet material escapes from the second bent piece 
13b of the mylar 13, and is conveyed. With rigid thick sheet 
materials, the first sheet material bows the first bent 

10 piece 13a and is conveyed, while the second sheet material 
is blocked by the second bent piece 13b. 

Fig. 20 is an exploded perspective view illustrating a 
main portion of a sheet feeder according to an eighth 
embodiment which comprises the mylars 13 substantially at 

15 the center of the sheet feed roller 4, and an opening 6f for 
placing the mylars 13 in a central portion of the tilt 
member 6 corresponding to the positions of the mylars 13. 
Likewise, since the tilt member 6 is formed with the opening 
6f at its central portion, torsion springs 15 are used in 

20 place of coil springs as separating compression springs for 
urging the shafts 6e. The remaining structure is similar to 
that in Figs. 18 and 19. 

According to the eighth embodiment, similar to the 
embodiment illustrated in the aforementioned Figs. 16 and 17, 

25 it is possible to prevent the second sheet material blocked 



by the mylars 13 from waiting in a skew state and being 
conveyed as skewed in the next sheet feeding. It should be 
noted that since the mylars 13 can firmly block the second 
sheet material with the second bent piece 13b at the leading 
5 end thereof, only one mylar 13 may be sufficient for the 
action mentioned above. 

Figs. 21 and 22 illustrate a main portion of a sheet 
feeder according to a ninth embodiment which employs 
friction members in place of the mylars. 

10 In the ninth embodiment, a pair of friction members 14 

are disposed on a sheet material guide face of the feeder 
body 10 at locations downstream of the contact face 6b such 
that they cross the tangential line E at an angle p. The 
angle p preferably may be in a range of 20° to 30°. The 

15 remaining structure is similar to those of the fifth and 
seventh embodiments illustrated in Figs. 14, 18, 
respectively. 

According to the foregoing structure, when two sheet 
materials are conveyed beyond the contact face 6b of the 
20 tilt member 6, the leading edges of the two conveyed sheet 
materials run against the friction members 14 to generate a 
convey load which separates the second sheet material from 
the first sheet material. Since the ninth embodiment does 
not employ mylars, sound otherwise generated when the mylars 
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are flipped can be eliminated after sheet materials are 
conveyed. 

Fig. 23 illustrates a main portion of a sheet feeder 
according to a tenth embodiment which includes the friction 
5 members 14 downstream of the contact face 6b of the tilt 
member 6. The remaining structure is similar to that 
illustrated in Figs. 21 and 22. 

According to the tenth embodiment, when the pair of 
friction members 14 are disposed one after the other in the 
10 sheet material convey direction, or when the leading edges 
of two sheet materials come against the friction members 14 
at different positions one after the other, the second one 
of the simultaneously fed sheet materials, waiting as skewed 
with respect to the convey direction can be avoided from 
15 being conveyed as skewed. 

The friction members may be used in combination with 
the mylars, in which case two sheet materials which cannot 
be separated by the friction members or the mylars can be 
separated by the others, thereby making it possible to 
20 further reduce the likelihood that two sheets are conveyed 
together . 

In the sheet feeder which has the sheet material 
separator disposed deep in the feeder body with respect to 
the direction in which the cassette is inserted into the 
25 sheet feeder, as in the foregoing first through tenth 



embodiments, if the user attempts to draw out the cassette 
for supplementing sheet materials therein, the bottom board 
may be caught by the feed body due to a sheet feeding 
pressure applied upward to the bottom board by the 
5 compression spring and can thus interfere with drawing out 
the cassette. To prevent this problem, the sheet feeder can 
be provided with guide rails for pushing down the bottom 
board as the cassette is removed, or means for releasing the 
sheet feeding pressure, as illustrated in Figs. 54 and 55, 

10 resulting in an increase in the number of parts and the size 
of the feeder. 

In such a sheet feeder, the bottom board is generally 
made of a metal plate, and the compression spring is also 
made of a metal, so that an electrical ground must be 

15 provided. Generally, for this purpose, a metal plate added 
to the bottom of the cassette is exposed external to the 
cassette for connection with grounding the feeder body. 
However, the metal plate for grounding may be deformed or 
contaminated to cause an insufficient grounding action. 

20 Figs. 24 through 28 are explanatory diagrams for 

showing the operation of the sheet feeder according to an 
eleventh embodiment which solves the above problem, and Fig. 
29 is an exploded perspective view showing a relationship 
between a sensing lever for sensing insertion/removal of a 

25 cassette and a pressure lever for driving the bottom board 



upward. 

In the eleventh embodiment, the cassette 11 is 
provided with a leading protrusion 11a at its front face, 
and the feeder body 10 is provided with a sensing lever 17, 
5 corresponding to the leading protrusion 11a, for sensing 
insertion/removal of the cassette 11. The base of the 
sensing lever 17 is attached for pivotal movements about a 
shaft 50, A pair of arms 17a, bent toward the tilt member 6, 
extend from both sides of a free end of the sensing lever 17. 

10 When the cassette 11 is fully inserted in the feeder body 10, 
the sensing lever 17 is pressed by the leading protrusion 
11a of the cassette 11, as illustrated in Fig. 26, so that 
the arms 17a pass both sides of the contact face 6b of the 
tilt member 6 from the left to the right in Fig. 24. 

15 A pressure lever 18 has its base secured to the 

longitudinal center of the shaft with a screw or the like, 
and a free end which supports a roller 18a. As the cassette 
11 is inserted into the feeder body 10, the roller 18a is 
below the bottom board 1. A pair of torsion springs 51, or 

20 other elastic members, are arranged between the sensing 
lever 17 and the pressure lever 18 such that the torsion 
springs 51 apply an urging force to the pressure lever 18 
when the sensing lever 17 is at a predetermined angle to the 
pressure lever 18 so that the roller 18a applies a sheet 

25 feeding pressure to the bottom board 1 in the upward 



direction. While the remaining structure is identical to 
that illustrated in Figs. 1 and 2, the compression spring 3 
illustrated in Figs. 1 and 2 is omitted since the pressure 
lever 18 and torsion springs 51 for applying an upward 
5 urging force to the pressure lever 18 are included in the 
eleventh embodiment. 

With the foregoing structure, when a predetermined 
number of sheet materials 2 are loaded on the bottom board 1, 
the bottom board 1 is lowered by its own weight and the 

10 weight of the sheets 2 and remains in or near the horizontal 
state as illustrated in Fig. 24. As the cassette 11 in this 
state is inserted into the feeder body 10 in a direction 
indicated by an arrow X, the leading protrusion 11a of the 
cassette 11 presses the free end of the sensing lever 17 to 

15 cause a pivotal movement of the sensing lever 17 about the 

shaft 50 in the clockwise direction. As the sensing lever 17 
pivotally moves to a position indicated in Fig. 25 and is 
positioned at a predetermined angle to the pressure lever 18, 
the torsion springs 51 begin applying urging forces to cause 

20 a pivotal movement of the pressure lever 18 in the clockwise 
direction to bring the roller 18a into contact with the 
bottom surface of the bottom board 1. 

As the cassette 11 has been fully inserted into the 
feeder body 10 as illustrated in Fig. 26, the urging forces 

25 of the torsion springs 51 increase to generate a required 



sheet feeding pressure. Simultaneously, a reference boss, 
not shown, of the cassette 11 is fitted into a reference 
groove on the feeder body 10 by a known cassette holding 
means which holds the cassette 11 at an inserting position 
5 indicated in Fig. 26. 

In this state, as a sequence of image formation is 
advanced so that the number of sheet materials 2 on the 
bottom board 1 is reduced as illustrated in Fig. 27, the 
cassette stopping means is released to draw out the cassette 

10 11 in a direction indicated by an arrow Y for supplementing 
sheet materials. Consequently, the sensing lever 17 is 
released from the leading protrusion 11a, and is inclined in 
the counter-clockwise direction by urging forces of the 
torsion springs 51. The urging forces acting on the pressure 

15 lever 18 by the torsion springs 51 are removed and pivotally 
moves by its weight in the counter-clockwise direction, and 
the bottom board 1 also falls by its weight as illustrated 
in Fig. 28. 

In this event, a sheet material 2n left in front of 
20 the nip between the sheet feed roller 4 and the tilt member 
6 is raked out by the arms 17a of the sensing lever 17, 
carried on the cassette 11, and removed from the feeder body 
10 together with the cassette 11, so that the sheet material 
2n will not remain in the feeder body 10. 
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Since the pressure body 18 itself is formed of a metal 
plate, electrical ground need not be provided separately, as 
would be required in the conventional cassette. A secure 
connection with the feeder body 10 for grounding is 
5 inherently provided in this structure. 

In the eleventh embodiment, the leading edge of the 
next sheet material is nipped between the sheet feed roller 
4 and the tilt member 6 when the cassette 11 is removed. 
When the sheet material is raked out by the arms 17a of the 

10 sensing lever 17 on both sides of the tilt member 6, the 

sheet material could be torn, depending on the material, and 
remain within the feeder body 10. 

Figs. 30 through 35 are cross-sectional views each 
illustrating the operation of a main portion of a sheet 

15 feeder according to a twelfth embodiment which solves the 
above problem, and Fig. 36 is an exploded perspective view 
showing a relationship between the sensing lever for sensing 
insertion/removal of the cassette and the pressure lever for 
driving the bottom board upward. 

20 In the twelfth embodiment, a spring bearer 19 is 

mounted to a lower portion of a compression spring 5 
slidably in the axial direction of the compression spring 5 
by a guide pin 19a and a guide groove lOd. The compression 
spring 5 applies the tilt member 6 with a separating 

25 pressure. A shaft 50 common to the sensing lever 17 and the 



pressure lever 18 is moved to the right in the figure as 
compared with the eleventh embodiment. The sensing lever 17 
includes a bent 17b near the shaft 50. The bent 17b can be 
brought into contact with and separated from a slope of the 
5 spring bearer 19, so that the bent 17b comprises a spring 
pressure changing means for the compression spring 5. The 
remaining structure is similar to the eleventh embodiment 
illustrated in Figs. 24 through 29. 

In the twelfth embodiment, as the cassette 11 having 

10 sheet materials 2 loaded on the bottom board 1 is being 

inserted into the feeder body 10 in a direction indicated by 
an arrow X (see Fig. 30) , the bent 17b of the sensing lever 
17 is spaced apart from the slope of the spring bearer 19, 
so that the spring bearer 19 does not maintain the 

15 compression spring 5 in a non-compressed state, and the 
contact face 6b of the tilt member 6 is slightly spaced 
apart from the sheet feed roller 4. 

When the cassette 11 is further inserted into the 
feeder body (see Fig. 31), the sensing lever 17, pressed by 

20 the front face of the cassette 11, pivotally moves in the 

clockwise direction. The torsion springs 51 shown in Fig. 36 
act to pivotally move the pressure lever 18, causing the 
roller 18a to come in contact with the bottom face of the 
bottom board 1. In this state, the bent 17b of the sensing 

25 lever 17 is still held spaced from the slope of the spring 



bearer 19. 

When the cassette 11 has been fully inserted into the 
feeder body, the sensing lever 17 further pivotally moves in 
the clockwise direction, causing the bent 17 to slide on the 
5 slope of the spring bearer 19 to push the spring bearer 19 
upward. As the urging force of the compression spring 5 
increases, the contact face 6b of the tilt member 6 is 
brought into pressing contact with the sheet feed roller 4 
to generate a separation pressure. In this state, similar to 
10 the eleventh embodiment, the arms 17a of the sensing lever 
17 are held at positions after they have passed both sides 
of the contact face 6b of the tilt member 6. 

As the sheet materials 2 on the bottom board 1 has 
decreased as illustrated in Fig. 33, the cassette 11 is 
15 drawn out in a direction indicated by an arrow Y for 

supplementing sheet materials, releasing the sensing lever 
17 from the constraint by the cassette 11, with the urging 
forces of the torsion springs 51 acting on the sensing lever 
17 which is inclined in the counter-clockwise direction. 
20 This causes the bent 17b to move away from the slope of the 
spring bearer 19 which falls by the action of the urging 
force of the compression spring 5. The compression spring 5 
loses its urging force, and the tilt member 6 falls by its 
own weight and moves away from the sheet feed roller 4, 
25 releasing a sheet material 2n having its leading edge nipped 



between the sheet feed roller 4 and the tilt member 6. 
Simultaneously, a pivotal movement of the sensing lever 17 
in the counter-clockwise direction causes the arms 17a to 
rake out the sheet material 2n on the cassette 11, as 
5 illustrated in Fig. 34. As the cassette 11 is further drawn 
out, the torsion springs 51 lose their urging forces to 
cause the pressure lever 18 to pivotally move in the 
counter-clockwise direction, and the bottom board 1 to fall 
by its own weight, as illustrated in Fig. 35. 

10 According to the twelfth embodiment, the tilt member 6 

can be released from a pressure applied thereto to remove 
the remaining sheet material 2n, thereby making it possible 
to more securely prevent a failure in feeding a sheet 
material without substantially increasing parts of the sheet 

15 feeder. 

The foregoing first through twelfth embodiments have 
been described for a sheet feeding cassette in which a 
plurality of sheet materials 2 are horizontally stacked on 
the bottom board 1. Some sheet feeders, however, have a 

20 cassette which is set obliquely to the back face of an image 
forming apparatus. Fig. 37 is a cross-sectional view of a 
main portion of a sheet feeder according to a thirteenth 
embodiment for use with an obliquely set cassette. Fig. 38 
is a perspective view of the portion illustrated in Fig. 37, 

25 and Fig. 39 is a perspective view illustrating a tilt member 



included in the sheet feeder. 

In the thirteenth embodiment, pressor ribs lb are 
integrally formed on both sides of a front face of the 
bottom board 1, and first cams 21 are secured to a rotating 
5 shaft 20 of a sheet feed roller 4 and second cams 22 are 

secured on the rotating shaft 20 on both sides of the sheet 
feed roller 4 corresponding to the pressor ribs lb. A tilt 
member 26 pivotally supported by a shaft 26e has its contact 
face 2 6b at its leading end in contact with the sheet feed 

10 roller 4 by an urging force of a compression spring. The 
tilt member 26 is formed with recess 26f opposite to the 
sheet feed roller 4 at a location downstream of the contact 
face 26b. Formed on both sides of the recess 26b are ribs 
26g which can come in contact with the second cams 22. A 

15 spring clutch 23 is disposed at one end of the rotating 
shaft 20 (right end in Fig. 38) for intermittently 
transmitting the rotation of a driving motor, not shown, and 
is controlled by a solenoid to drive the rotating shaft 20 
on a one-rotation basis in the clockwise direction in Fig. 

20 37 . 

Figs. 40 through 45 show the operation of the 
structure described above, and Fig. 45 specifically 
illustrates a sheet material waiting state. The bottom board 
1 and the tilt member 2 6 are spaced apart from the sheet 
25 feed roller 4 against urging forces of the compression 



springs 3, 5, respectively by the first and second cams 21, 
22. As a sheet material is fed to cause the sheet feed 
roller 4 to rotate in the clockwise direction, the first and 
second cams 21, 22 are rotated in synchronism with the 
5 rotation of the sheet feed roller 4. First, as illustrated 
in Fig. 4 0, the top dead center of each second cam 22 leaves 
the tilt member 26 which comes in contact with the sheet 
feed roller 4. Next, through the state illustrated in Fig. 

41, the top dead center of each first cam 21 slides off the 
10 pressor rib lb of the bottom board 1, as illustrated in Fig. 

42, causing the bottom board 1 to pivotally move toward the 
sheet feed roller 4 to convey a sheet material (not shown) 
stacked on the bottom board 1 to the tilt member 26. The 
topmost sheet material is separated from a stack and 

15 conveyed to a pair of convey rollers 7. 

Now, as illustrated in Fig. 43, the first cams 21 
again come in contact with the pressor ribs lb of the bottom 
board 1 to pivotally move the bottom board 1 in the counter- 
clockwise direction. Next, the second cams 22 come in 

20 contact with the tilt member 26 to pivotally move the bottom 
board 1 in the clockwise direction, as illustrated in Fig. 
44, subsequently reaching the waiting state illustrated in 
Fig. 45. 

As described above, the ribs 26g are disposed on both 
25 sides of the tilt member 2 6 with which the second cams 22 



can be come in contact. With the tilt member 26 pushed down 
by the rotation of the sheet feed roller 4, when the sheet 
feed roller 4 is rotated in a waiting state (while the pair 
of convey roller pairs 7 are conveying a sheet material) 
5 after a sheet material has been separated, the sheet 

material is conveyed between the second cams 22 and the ribs 
26g of the tile member 26, and thereby making it possible to 
prevent the contact face 26b of the tilt member 2 6 from 
rubbing with the sheet material to wear the contact face 2 6b. 

10 The thirteenth embodiment might not work consistently 

if a large number of sheet materials, the leading edges of 
which are uneven, are set below the sheet feed roller 4 . 

Fig. 46 is a perspective view illustrating a tilt 
member holder plate 25 disposed between the second cams 22 

15 and the tilt member 26 for solving the above problem. The 
tilt member holder plate 25 has a pair of left and right 
bearings 25a pivotally supported by a shaft 27 of an 
opposing roller 7b of a pair of convey rollers 7 illustrated 
in Fig. 47. The tilt member holder plate 25 is formed with 

20 an opening 25b in a longitudinal middle portion for avoiding 
a site at which the sheet feed roller 4 comes in contact 
with the tilt member 26. The remaining structure is similar 
to that of the thirteenth embodiment. 

In the fourteenth embodiment configured as described 

25 above. Fig. 52 illustrates a sheet feed waiting state, where 



the first cams 21 press the pressor ribs lb of the bottom 
board 1, the second cams 22 press the ribs 26g of the tilt 
member 26 through the tilt member holder plate 25, and the 
bottom board 1 and the tilt member 26 are spaced apart from 
5 the sheet feed roller 4 . The free end of the tilt member 
holder plate 25 is positioned upstream of the sheet feed 
roller 4, with a spacing defined between the tilt member 
holder plate 25 and the bottom board 1 in a sheet material 
inserting direction. With this structure, even if a large 

10 number of sheet materials are not even at their leading 
edges, the sheet materials can be securely set below the 
feed sheet roller 4 . 

As a sheet material is fed from the state illustrated 
in Fig. 52, causing the sheet feed roller 4 to rotate in the 

15 clockwise direction, the first and second cams 21, 22 are 
also rotated in synchronism with the rotation of the sheet 
feed roller 4. First, as illustrated in Fig. 47, the top 
dead center of each second cam 22 slides off the tilt member 
holder plate 25, and the tilt member 26 comes in contact 

20 with the sheet feed roller 4. Further, through the state 
illustrated in Fig. 48, the top dead center of each first 
cam 21 slides off the pressor rib lb of the bottom board 1, 
as illustrated in Fig. 49, causing the bottom board 1 to 
pivotally move toward the sheet feed roller 4 to convey a 

25 sheet material stacked on the bottom board 1 to the tilt 



member 26. The topmost sheet material is separated and 
conveyed to a pair of convey rollers 7, 

Now, as illustrated in Fig. 50, the first cams 21 
again come in contact with the pressor ribs lb of the bottom 
5 board 1 to pivotally move the bottom board 1 in the counter- 
clockwise direction. Next, the second cams 22 come in 
contact with the tilt member holder plate 25 to pivotally 
move the bottom board 1 in the clockwise direction, as 
illustrated in Fig. 50, subsequently reaching the waiting 

10 state illustrated in Fig. 52. 

As described above, the tilt member holder plate 25 is 
disposed between the tilt member 26 and the second cams 22, 
with its leading end positioned upstream of the sheet feed 
roller 4, so that a large number of sheet materials with 

15 uneven leading edges, led by the tilt member holder plate 25, 
can be securely set below the sheet feed roller 4. 

Next, Fig. 53 illustrates the configuration of a 
copier which is an example of image forming apparatus 
equipped with the sheet feeder. 

20 In the illustrated copier 30, an optical writing 

system 33 forms a latent image on a photosensitive drum 35 
disposed in an image forming system 34 based on image data 
read by an optical reading system disposed in a copier body 
31. A developing unit 36 in the image forming system 34 

25 produces a visible image from the latent image with a toner. 



The aforementioned sheet feeder P is disposed in a 
lower portion of the copier body 31. Sheet materials 2 
stacked on a bottom board 1 are fed one by one from a 
cassette 11 by a sheet feed roller 4, and passed through a 
5 convey path 37 by a pair of convey rollers 7 to the image 
forming system 34. The visible image on the photosensitive 
drum 35 is transferred to the sheet material 2. 

As the transfer is completed, the sheet material 2 is 
conveyed to a fixer 38 for fixing the visible image, and 

10 discharged to an external discharge tray 40 by a pair of 

sheet discharge rollers 39. For double-side image formation, 
the sheet material 2 is conveyed from a reverse convey path 
41 to a double-side device 42 by a discharged sheet branch 
tab, not shown, and once stored in a double side tray 43. 

15 Then, the sheet material 2 is again fed into the image 

forming system 34 from the double side convey path 4 4 for 
forming an image on the back side thereof, and discharged on 
the sheet discharge tray 40 through the fixer 38. 

It should be noted that while Fig. 53 shows only one 

20 sheet feeder P for simplifying the illustration, a copier 
may be equipped with a plurality of sheet feeders of 
different sizes as required. In addition, an image forming 
apparatus equipped with the sheet feeder is not limited to a 
copier, but can be used in facsimiles, printers and other 

25 image forming devices and in other devices. 



Numerous additional modifications and variations are 
possible in light of the above teachings. It is therefore 
to be understood that within the scope of the appended 
claims, the present invention may be practiced otherwise 
5 than as specifically described herein. 

This application claims priority to Japanese patent 
applications, No. JPAP2000-239871 filed on August 8, 2000, 
No. 2001-079040 filed on March 19, 2001, No. JPAP2000-405063 
filed on December 29, 2000, No. JPAP2000-299245 filed on 
10 September 29, 2000, and No. JPAP200 1-142313 filed on May 11, 
2001 in the Japanese Patent Office, the entire contents of 
which are hereby incorporated by reference. 
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